Introduction
Importin-b is an essential component of nuclear protein import, the formation of the spindle microtubules and the reassembly of the nuclear envelope at the end of mitosis (Gorlich and Kutay, 1999; Tirian et al., 2000; Zhang and Clarke, 2000; Gruss et al., 2001; Nachury et al., 2001; Wiese et al., 2001; Timinszky et al., 2002; Zhang et al., 2002; Fried and Kutay, 2003; Tirian et al., 2003) . It has been reported that in late 3rd instar larvae the Ketel gene, the sole importin-b-encoding gene in Drosophila, is expressed only in the mitotically active diploid cells and not in the non-dividing polytenic larval cells Lippai et al., 2000; Villanyi et al., 2008) . While importin-b needs to fulfill all three of the above functions in the mitotically active cells, it needs to accomplish only nuclear protein import in the non-dividing polytenic cells. Importin-b has been known to be both maternally provided and produced in every cell of the gastrulating embryo through the expression of the zygotic Ketel gene Lippai et al., 2000; Villanyi et al., 2008) . The unusually long persistence of importin-b renders nuclear protein import possible in the larval cells such that they can afford having the Ketel gene turned off (Villanyi et al., 2008) . On the other hand, the mitotically active cells must have the Ketel gene intensively expressed throughout the proliferation period.
Being aware of the above facts, we set out to identify the sequences which (1) cytoplasm with Ketel gene products, (2) regulate the all-over type of importin-b production during gastrulation and (3) ensure diploid cell-specific expression of the Ketel gene in late third instar larvae. In silico analysis identified several putative transcription factor binding sites in the Ketel gene promoter including four CFDD (Common Regulatory Factor for DNA Replication; Hayashi et al., 1997) and one DREF (DNA replication-related element binding factor; Hirose et al., 1993) binding sites. DREF, an 80 kDa homodimeric protein, binds to the so-called DRE motif (DNA Replication-related Element; Hirose et al., 1993; Hirose et al., 1996; Ohno et al., 1996; Sharkov et al., 2002) . A DREF homologue (hDREF) has been identified in humans where it appears to regulate genes related to cell proliferation (Ohshima et al., 2003) . The CFDD and the DREF binding sequences have been described as potential regulators of genes that are involved in cell cycle regulation (Hirose et al., 1993; Yamaguchi et al., 1995; Ohno et al., 1996) . Given that CFDD binding sites are common elements in such DNA replication-related genes as PCNA (Proliferating Cell Nuclear Antigen) and DREF, CFDD was suggested to play an important role in the regulation of DNA replication-related genes in Drosophila (Hayashi et al., 1997) . We confirmed, by gel retardation and band shift assays, that the DRE and the CFDD binding sites in the Ketel promoter do indeed bind proteins which are present in the nuclei of the S2 Drosophila cells. Based on results of the in silico analysis, we constructed reporter genes in which different segments of the Ketel gene promoter ensured the expression of a luciferase reporter gene and identified those regions which control the expression level of the Ketel gene in S2 Drosophila cells.
We also analyzed tissue-specific expression of those reporter transgenes in which different segments of the Ketel gene promoter were combined with the LacZ gene. The LacZ reporter constructs delineated the sequences in the promoter that ensure tissue-specific Ketel gene expression. It is described here that a CFDD site in the first intron is responsible for the maternal effects of the Ketel gene products. Another CFDD site in the promoter is indispensable for the commencement of gene expression in every cell during gastrulation. Following destruction of the DRE motif, the reporter gene expression was absent from both the germ line components of the egg primordia and the gastrulating embryos. Apparently, the DRE motif interacts with both up-and downstream cis-regulatory elements while it controls tissue-specific expression of the Ketel gene. Interestingly, DREF and CFDD are not involved in the expression regulation of the Ketel gene in the diploid cells. We describe here that (1) the interaction between DRE and a CFDD binding site in the first intron is required for the expression of the Ketel gene in the nurse cells and, thus, for the production of the maternal importin-b dowry, (2) interaction between transcription factors bound to the DRE motif and the upstream CFDD binding site(s) is essential for importin-b production in every cell of the gastrulating embryo, (3) expression of the Ketel gene in the imaginal discs, the neuroblasts and the follicle epithelium depends on a CF2-II binding site near the 5' end in the promoter.
Results

2.1.
In silico analysis of the Ketel gene promoter sequence
Analysis of Expressed Sequence Tag data revealed a single transcription start site in the Ketel gene. The nearest transcription start site resides in the neighbouring CG9318 gene, 604 bp upstream of the Ketel transcription start site (Fig. 1 ).
To identify the sequences which may be engaged in the regulation of Ketel gene expression, we chose a 1944 bp long sequence delineated by two EcoRV sites: one in the first intron of the CG9318 gene and the other in the second exon of the Ketel gene (Fig. 1) , a complete loss-of-function mutant allele (Erdelyi et al., 1997) . The ketel null /À zygotes perish towards the end of the 2nd larval instar ]. (2) During embryogenesis the expression patterns are identical for the Ketel gene (as determined through in situ hybridizations to the Ketel mRNA) and for the reporter transgenes in which the AatII-PstI region control the expression of the LacZ gene ( Fig. 1 ; Lippai et al., 2000; Tirian et al., 2000) . This importance in the present analysis, the binding sites of the transcription factors BEAF, CFDD, CF2-II and DREF, the transcription as well as the translation start sites (ATG) are shown with respect to the Ketel transcription site (+1). Black, white and grey bars represent exons, introns and the sequence between the two genes, respectively. observation also indicates that there are no regulatory sequences in the 497 bp long EcoRV-AatII region and in the 67 bp long PstI-EcoRV sites in the second exon of the Ketel gene (Fig. 1) .
Computer analysis of the analyzed region revealed several known transcription factor binding sites in the Ketel gene promoter (Fig. 1) . We focused attention on those binding sites which are evolutionarily conserved in the corresponding regions in the following Drosophila species: melanogaster, simulans, sechellia, yakuba and erecta (see the Supplementary Material).
The Ketel promoter does not contain a TATA box. However, it contains a number of conserved motifs including the TATCGATA palindrome sequence known as the DRE motif (Hirose et al., 1993) . Part of the DRE motif is CGATA, one of the CFDD binding sites. (The other is CAATCA). The BEAF (Boundary Element-Associated Factor) transcription factor also binds to CGATA. DREF and BEAF have been known to compete for the DRE motif (Hart et al., 1999) . The BEAF binding sites are present in special chromatin structures and a minimum of three BEAF binding sites are needed for their insulator function (Hart et al., 1997; Hayashi et al., 1997) . The special chromatin structures function as boundary elements which, when appropriately spaced, interfere with communication between the enhancers and the promoter (Udvardy et al., 1985; Hart et al., 1997) . There are three BEAF binding sites in the Ketel gene promoter, and they may well function as an insulator. There are four CFDD binding sites within the analyzed region. One of them is part of the DRE motif, one coincides with a BEAF binding site, one with an Elf1 binding site and one is freely available for CFDD binding (Fig. 1) . The DREF, the CFDD and the BEAF binding sequences are all present in the Ketel gene homologues of the D. simulans, D. sechellia and D. yakuba species suggesting a conserved function of these cis-regulatory elements in the expression regulation of the Ketel gene. Moreover, the CFDD, the DREF and the BEAF binding sequences are also present in a number of DNA replication-and cell proliferation-related genes that have been known to be regulated by the DRE/DREF system Hayashi et al., 1997) .
2.2.
Deletion mapping; the luciferase reporter genes
To locate the sequences in the Ketel gene promoter that are responsible for transcription factor binding and for the regulation of Ketel gene expression, we created constructs in which fragments of the promoter were combined with the luciferase coding sequence. The constructs were transfected into S2 cells for transient expression and the emerging luciferase activity was measured. The results are summarized in Fig. 2 .
The À1471 ! +406 construct served as a reference in the present set of experiments, and the corresponding luciferase activity was set as 100%. (Note that this fragment is only 67 bp shorter than the above mentioned EcoRV-EcoRV fragment and does not contain the translational start code) The +68 ! +406 fragment, which did not include the Ketel transcription start site, served as a negative control.
When the À974 ! +406 controlled the expression of the luciferase gene, the fluorescence intensity remained basically 100%. Similarly, the À701 ! +406 fragment did not change the luciferase reporter gene expression level. It appears thus that there are no sequences within the À1471 ! À701 region that would regulate the expression of the Ketel gene and, therefore, the function of the CF2-II (chorion factor 2), the dorsal and two tramtrack binding sites, which reside in the region, can be excluded regarding the control of Ketel gene expression. (See the Fig. 2 -Deletion mapping of the cis-acting elements in the promoter of the Ketel gene. Regions in the thick black lines were combined with the luciferase reporter gene (indicated by grey arrows). The luciferase constructs were transfected into Drosophila S2 cells for transient expression and the fluorescence intensities were determined (Average ± SD; n = 5). The fluorescence intensity related to the À1471 ! +406 segment was set as 100%. The reporter plasmid without promoter sequence (+68 ! +406) served as background. Only those transcription factor binding sites ( ) are shown that appear to be involved in the transcription regulation of the Ketel gene.
Supplementary Material for an illustration of the transcription factor binding sites.)
Upon elimination of the À701 ! À327 region, the luciferase activity dropped by about 50%, indicating the presence of at least one activator site within this region which includes a fushi-tarazu, a CF2-II and a bicoid transcription activator binding site. It is very unlikely that the bicoid or the fushi-tarazu binding sites would be engaged in the regulation of Ketel gene expression in the S2 cells since the corresponding genes are expressed during oogenesis and early embryogenesis. (See the FlyBase Gene Expression Report web site.) As described below (based on the expression patterns of LacZ reporter genes) function of both the bicoid and the fushi-tarazu binding sites can also be excluded from Ketel gene expression regulation. However, the CF2-II site around À483 may well be a cis-acting element in the regulation of Ketel gene expression. (The CF2-II site has been shown to play a role in reporter gene expression in the S2 cells; Gogos et al., 1996) .
The luciferase expression levels dropped from 50% to 10% in the À204 ! +406 construct. There are two CFDD, two BEAF, as well as a bicoid and a crocodile binding site within the À327 ! À204 region of which the CFDD and/or the crocodile sites may play key function(s) in Ketel gene expression regulation. (As the BEAF function is associated with the chromatin, its role cannot be studied in the transient expression system; Zhao et al., 1995.) Further shortening of the promoter region (the À74 ! +406 fragment) had no effect on the luciferase expression level. Apparently the À204 ! À74 region does not contain activator or repressor binding sequences engaged in the regulation of Ketel gene expression. However, the À74 ! +406 segment still possessed a 9% reporter gene expression level indicating that there are sequences within this region which allow the initiation of transcription, though at a low level. This region contains several transcription factor binding sites including a DREF and a CFDD binding site. Their roles were elucidated through the analysis of the expression patterns of LacZ reporter genes (see below). In summary, the luciferase reporter genes clearly revealed that the activator sites with significant impacts on Ketel gene expression level reside within the À327 ! À204 region and pointed out the importance of the CFDD binding sites.
The gel-shift experiments
To locate the protein binding regions in the Ketel promoter and to confirm results of both the computer and the luciferase reporter analyses, we carried out gel-shift experiments in which different regions of the promoter were combined with protein extract prepared from nuclei of S2 cells and monitored changes in the mobility of the PCR-generated DNA fragments. We focused attention on the À327 ! À204 (with two CFDD binding sites), the À99 ! À37 (with a DRE motif) and the +204 ! +283 (with a CFDD binding site) regions. Results of the analysis are summarized in Fig. 3 .
The À327 ! À264 fragment did not interact with nuclear proteins indicating that the bicoid and the crocodile binding sites within the region do not bind proteins isolated from S2 cells and, hence, the À327 ! À204 activator region identified in the previous experiment can be narrowed down to the À264 ! À204 region. The À284 ! À167 fragment bound nuclear proteins as two bands appeared with DNA-protein complexes inside. Since there are two CFDD binding sites within the À284 ! À167 region, the two bands most likely represent complexes in which a DNA fragment is associated with one or with two CFDD protein molecule(s). PCR sub-fragments were A B Fig. 3 -Detection of nuclear protein binding regions within the Ketel promoter by the electrophoretic mobility/gel-shift assay. In (A) the À327 ! À37 region of the Ketel gene promoter is shown with some of the predicted transcription factor binding sites. The PCR fragments were 32 P-labeled and used as probes in the assay. (B) Results of the assay. The +204 ! +283 fragment is part of the first intron in the Ketel gene and contains a putative CFDD binding site. The arrows point to bands with DNA-protein complexes. The symbol represents increasing concentrations of the poly(dIdC) competitor DNA. The À and the + symbols indicate the absence and the presence of nuclear protein extract prepared from S2 cells. generated next to locate the protein binding regions within the À284 ! À167 fragment. Of the three sub-fragments, only the À254 ! À204 bound nuclear proteins. In fact, the banding patterns of the À284 ! À167 and the À254 ! À204 fragments were identical implying that the protein binding sites reside within the À254 ! À204 region which includes two CFDD binding sites (Figs. 1 and 3) . To further locate the nuclear protein binding sites, we constructed the DÀ243 ! À204 fragment which includes the CFDD binding site around À252 but does not include the CFDD binding site around À243. Since only a single band appeared in the gel-shift, we concluded that the CFDD binding site around À252 does indeed bind a nuclear protein. It can also be concluded that the CFDD site at À243 also binds a nuclear protein, at least in the S2 cells.
Both the À190 ! À65 and the À99 ! À37 fragments interact with S2 cell nuclear proteins and bring about the formation of two bands each. Considering that the À99 ! À37 fragment is only 63 bp shorter than À190 ! À65 fragment, it may well be that the same types of proteins bind the two fragments. One of the DNA binding proteins is DREF, the other is CFDD as it was shown in the following competition experiment (Fig. 4) .
Upon the addition of increasing amounts of cold dsDRE (a 30 bp long double-stranded oligonucleotide with the DRE motif inside) to the studied mixture, the DNA/protein band become rather faint indicating that the À99 ! À37 fragment does indeed bind DREF (lanes 3, 5 and 6 in Fig. 4) . Moreover, a DREF-specific antibody brought about a supershift of the DNA/DREF complex (lane 7 in Fig. 4) . Following the addition of dsDRE not only the DREF-related but also the other band faded away (lanes 3 and 6 in Fig. 4 ). Since CFDD also binds dsDRE, it is conceivable that the other band fades away since several of the CFDD molecules bind to the cold DRE motif in dsDRE. It is thus safe to conclude that the other band corresponds to CFDD (lanes 3 and 6 in Fig. 4) . In fact, the sizes of the bands confirm the former assumption: DREF is an 80, whereas CFDD is 76 kDa protein Hayashi et al., 1997) . Based on the above results, the presence of the Ap1 binding site around À156 can be excluded since no additional band appeared with the À190 ! À65 fragment. Thus the À190 ! À65 and the À99 ! À37 fragments clearly revealed the involvement of the CFDD and the DREF binding sites in the regulation of Ketel gene expression.
The +204 ! +283 fragment (not shown in Fig. 3A) is part of the first intron in the Ketel gene. As Fig. 3 shows, the +204 ! +283 fragment binds some type of nuclear protein.
There are five transcription factor binding sites in the +204 ! +283 region: Su(H) (suppressor of hairless), dl (dorsal), CFDD, Elf1 (= grainy head) and sna (snail; see the Supplementary material). It appears that of the listed transcription factors CFDD binds the +204 ! +283 fragment for the following reasons: (1) Although well studied, Su(H), dl, Elf1 and sna have not been reported to be present in S2 cells. (2) Based on the approximate sizes of the DNA/protein complexes shown in Fig. 3 , association of the snail, the Su(H), several forms of the dl and the Elf1 proteins (43, 66.9, 111.6 and 143 kDa, respectively) with the +204 ! +283 fragment can be excluded. The most likely type of protein to bind the +204 ! +283 fragment is, thus, CFDD.
In summary, results of the gel-shift experiments are in harmony with predictions of both the computer-based and the luciferase reporter construct analyses and highlight those sequences in the Ketel gene promoter which are engaged in the regulation of gene expression and exclude those predicted binding sites which, although present in the Ketel promoter, do not have roles in the regulation of gene expression in the absence of corresponding transcription factors.
Deletion mapping; the LacZ reporter genes
To identify the promoter regions that ensure tissue-specific expression of the Ketel gene, we constructed six different types of transgenes with a number of sub-lines each. Every transgene type carried a different segment of the promoter combined with the LacZ reporter gene. In practice, transgene homozygous males were crossed with wild-type females and the LacZ expression pattern, as revealed through b-galactosidase activity, was analyzed in the descending gastrulating embryos, in dissected tissues of late 3rd instar larvae and in ovaries of the adult females. The staining pattern was determined in every line of the six different types of transgenes. It needs to be mentioned that the staining pattern was identical in all the sub-lines for every of the six different types of transgenes. Results of the experiments are summarized in Fig. 5 .
When the À974 ! +406 fragment controlled the expression of the LacZ gene, b-galactosidase activity was apparent in every cell of the young gastrulating embryos, in the larval gonads, in the diploid cells of the central nervous system, in the imaginal discs as well as in the nurse and in the follicle cells In addition to the probe and the components listed in the heading of the figure, a 30 nucleotide long dsDRE competitor was added to some of the samples. A DREF-specific antibody was added into the sample represented in Lane 7. The antibody resulted in a supershift indicating the presence of DREF in the forming complexes. Several of the reaction mixtures contained poly(dIdC) competitor DNA to avoid unspecific DNA-protein interactions.
of the developing egg primordia (see also Tirian et al., 2000) . However, and in agreement with the previously published results, there was no indication of b-galactosidase activity in any type of the polytenic larval cells (see also Lippai et al., 2000; Tirian et al., 2000; Villanyi et al., 2008) . This result implies that the À974 ! +406 part of the Ketel gene promoter contains all the sequences that are necessary and sufficient for the characteristic expression pattern of the Ketel gene.
When the À327 ! +406 fragment controlled the expression of the LacZ gene, b-galactosidase activity was present in all the cells of the gastrulating embryos, in the larval gonads and in the nurse cells. However, cells in the imaginal discs, the larval CNS and the follicle epithelium did not stain. Apparently, the À974 ! À327 region contains cis-regulatory element(s) which ensure(s) Ketel gene expression in the imaginal discs, in the larval CNS and in the follicle cells. The lack of reporter gene expression in the former cell types is a common property of all the other transgene types which do not contain the À974 ! À327 region. Of the six transcription factors which have binding sites in the À974 ! À327 region (dorsal, tramtrack, fushi-tarazu, CF2-II, crocodile and bicoid; see the Supplementary material), only CF2-II is present in the follicle cells (Shea et al., 1990) . The other transcription factors are present and function during embryogenesis and thus their involvement in Ketel gene expression regulation is rather unlikely. (See the gene expression data base in the FlyBase). It appears thus that the CF2-II binding site around À483 is necessary for Ketel gene expression in all the diploid cells other than those in the gastrulating embryos.
When the À327 ! +68 fragment controlled the expression of the LacZ reporter gene, b-galactosidase activity was present in the early gastrulating embryos and in the germ line components of the larval gonads. Remarkably, the reporter gene was not expressed in the nurse cells, showing the presence of a cis-acting element in the +68 ! +406 region which is responsible for Ketel gene expression in the nurse cells. Of the eight transcription factors (Ultrabithorax, hunchback, STAT, SUH, dorsal, CFDD, Elf1 and snail) which have binding sites in the +68 ! +406 region seven are not expressed in the nurse cells and, thus, only CFDD appears to be involved in the regulation Fig. 1 . To prepare the stained specimens, wild-type females were crossed with transgene carrying males and the descending young gastrulating embryos, different tissue types of late 3rd instar larvae and ovaries of the adult females were stained for b-galactosidase activity, i.e. the formation of blue pigment. The fb symbol stands for fat body, a typical larval tissue type. The arrow in the larval testis panel points to the non-staining somatic cell groups in the larval testes. If otherwise not stated, the scale bars represent 100 lm.
of Ketel gene expression in the nurse cells and in the production of the maternal Ketel dowry.
When the À204 ! +68 fragment controlled the expression of the LacZ gene, b-galactosidase activity appeared only in the germ line components of the larval gonads and in none of the other studied tissues. Apparently, there are sequences within the À327 ! À204 region that are required for the commencement of zygotic Ketel gene expression during early gastrulation. The À327 ! À204 region contains a bicoid, a crocodile, a BEAF and two CFDD binding sites. Considering the expression pattern of the encoding genes and knowing that BEAF is an insulator element, the function of the CFDD binding sites is most probably essential in the regulation of Ketel gene expression. This conclusion is strongly supported by the results of the gel shift experiments.
When the À74 ! +406 fragment controlled the expression of the LacZ gene, b-galactosidase activity appeared in both the gonial and in the somatic cells of the larval gonads and, as expected, in the nurse cells of the egg primordia. The À74 ! +406 transgenes include the DRE motif (TATCGATA) to which DREF, CFDD and BEAF can bind. The expression patterns of the À74 ! +406 transgenes confirm the former conclusion: the sequences required for the maternal effect of the Ketel gene reside in the +68 ! +406 region.
To clarify the importance of the DRE motif around À74, we constructed a mutant transgene which covered the À974 ! +406 region and a mutation around À74: the TATCG ATA DRE motif was replaced by GCCAAGCGGC. The mutation eliminated the expression of the reporter gene in the mid gastrulating embryos and also in the nurse cells. Apparently, the simultaneous presence of the DRE motif and the À204 ! À327 sequence is necessary for the commencement of zygotic Ketel gene activity during early gastrulation. Similarly, the concurrent presence of the DRE motif and the +68 ! +406 sequence is a prerequisite for the Ketel gene-related maternal effect. However, the DRE motif around À74 is not required for Ketel gene expression in the diploid cells in late third instar larvae and in the follicle epithelium.
In summary, analysis of the different transgenic lines established a correlation between different regions of the Ketel gene promoter and tissue-specific expression of the gene. (1) The À979 ! À327 region is indispensable for Ketel gene expression in the imaginal discs, in the diploid cells of the CNS and in the follicle epithelium. (2) The À327 ! À204 region is necessary for the commencement of zygotic Ketel gene expression during embryogenesis. (3) The +68 ! +406 region is needed for the Ketel gene-related maternal effect. (4) The DRE motif around À74 is required for the zygotic expression of the Ketel gene during early gastrulation as well as in the nurse cells and, thus, for the Ketel gene-related maternal effect.
Discussion
The Ketel gene of Drosophila has been known to be expressed (1) in the egg primordia to provide importin-b for oogenesis and early embryogenesis, (2) in every cell of the gastrulating embryo and (3) in the diploid cells during larval life, but not in the polytenic larval cells Tirian et al., 2000; Villanyi et al., 2008) . The polytenic cells need relatively few importin-b molecules to accomplish nuclear protein import, and this duty is accomplished by the unusually long-lived importin-b molecules, some of which are maternally provided others are produced during early gastrulation (Villanyi et al., 2008) . Intensive expression of the Ketel gene in the diploid cells is comprehensible since these cells need importin-b not only for nuclear protein import but also for the formation of the spindle microtubules and the reassembly of the nuclear envelope at the end of mitosis (Gorlich and Kutay, 1999; Zhang and Clarke, 2000; Nachury et al., 2001; Wiese et al., 2001; Gruss et al., 2001; Timinszky et al., 2002; Zhang et al., 2002; Fried and Kutay, 2003; Tirian et al., 2003) . The aim of the present study is to understand the mechanisms that ensure the characteristic expression pattern of the Ketel gene. To achieve our goal, we identified cis-acting control elements that are engaged in (1) the proper loading of the egg cytoplasm with the Ketel gene products, (2) the regulation of the all-over type of importin-b production during gastrulation and (3) controlling tissue-specific expression of the Ketel gene during the later stages of development.
Computer analysis revealed several evolutionarily conserved transcription factor binding sites in the Ketel promoter of which, as described in the Result section, only the CF2-II, the CFDD, the DREF and perhaps the BEAF binding sites are of relevance. The CFDD, the DREF and the BEAF transcription factors have been known to be involved in the expression regulation of a number of genes engaged in cell cycle regulation (Hirose et al., 1993; Yamaguchi et al., 1995; Ohno et al., 1996) . In fact, the CFDD binding sites are commonly present in the promoters of a number of DNA replication-related genes like PCNA and DREF (Hayashi et al., 1997) . Since importin-b is required for spindle formation and nuclear envelope assembly, which are essential events in cell proliferation, it may not be surprising that the expression of the Ketel gene is regulated by the same transcription factors which control the expression of several genes engaged in cell cycle regulation.
Transient expression of a luciferase reporter gene in S2 cells clearly showed that all the sequences which regulate Ketel gene expression reside within a 750 bp sequence towards the 5 0 region of the Ketel gene (Fig. 6 ). The ''active'' tran- scription factor binding sequences within the region were identified in gel-shift experiments, and the sequences that ensure tissue-specific expression of the Ketel gene were determined through the analysis of the expression patterns of LacZ reporter transgenes. It appears that the presence of an approximately 140 bp long sequence around the transcription start site is sufficient for a basic expression of the Ketel gene in the gonial cells (Fig. 6) . The simultaneous presence of two sequences is required for the expression of the Ketel gene in the nurse cells and for the loading of the egg cell cytoplasm with the Ketel gene products: a CFDD binding site in the first intron (around +247) and the DRE motif around À74 (Fig. 6) . (Note that the importin-b-related maternal effect depends on the expression of the Ketel gene in the germ line components of the egg primordia; Tirian et al., 2000.) Removal of either of these sequences leads to an absence of Ketel gene expression in the nurse cells. Similarly, the concurrent presence of the DRE motif at À74 and the CFDD site(s) around À250 is necessary for the expression of the Ketel gene in every cell of the gastrulating embryo. Removal of any of these sequences abolishes Ketel gene expression during early gastrulation. It appears that cooperative binding of transcription factors to the DRE motif and to either of the CFDD recognition sites establishes favourable conditions for tissue-specific expression of the Ketel gene. We also learnt that a CF2-II binding site around À483 is sufficient and necessary for the expression of the Ketel gene in the diploid cells of the imaginal discs, the neuroblasts and the follicle epithelium (Fig. 6 ). CF2-II has been reported to be expressed in the follicle cells (Shea et al., 1990 ) and seems to be the only candidate to control Ketel gene expression in the imaginal disc cells and in the neuroblasts.
Interestingly, none of the six different types of LacZ reporter transgenes are expressed in any polytenic larval cell types. One possible explanation could be the different modes of action of DREF in the larval and in the diploid cells: DREF does not displace BEAF from the DRE motif in the larval cells (see Hart et al., 1999) and, thus, an insulator can form which blocks transcription of the Ketel gene. [Three BEAF binding sites are necessary for the formation of an insulator (Udvardy et al., 1985; Hart et al., 1997; Cuvier et al., 1998) , and the promoter of the Ketel gene contains three BEAF binding sites, one of which is part of the DRE motif.] In the diploid cells, where DREF binds to the DRE motif and competes with BEAF (Hart et al., 1999) , the insulator cannot form and, hence, there is no block to prevent expression of the Ketel gene. However, the above model is rather unlikely since when the DRE motif, and along with it one of the BEAF binding sites, is abolished the BEAF insulator cannot form. Yet, the Ketel gene is not expressed in the larval cells. The lack of Ketel gene expression in the larval cells can also be explained by the absence of CF2-II transcription factor in that cell type. Further studies are needed to ascertain whether this assumption is correct.
In summary, the DRE motif is a key component in the regulation of Ketel gene expression: transcription factors that bind to the DRE motif interact with different CFDDs, which are bound to different CFDD binding sites, ensuring tissuespecific expression of the gene. The DRE motif and the CFDD sites are commonly present in the promoter of several genes engaged in DNA replication and cell cycle control, and interaction of DREF and CFDD could be a key component in the regulation of those genes as well.
4.
Experimental procedures
In silico promoter analysis
To reveal the sequences that may regulate expression of the Ketel gene, we analyzed a 1877 bp long region between the EcoRV (at À1471) and the PstI (at +406) restriction sites, slightly upstream of the only ATG translation start code in the Ketel gene (Fig. 1) . The promoter analysis was carried out with the TRES software (http://bioportal.bic.nus.edu.sg/tres/). To identify the sequences that may be engaged in the regulation of Ketel gene expression, we compared the corresponding promoter sequences in the following Drosophila species: melanogaster, simulans, sechellia, yakuba and erecta and focused attention on the evolutionarily conserved transcription factor binding sites (See the FlyBase for the genome data and the Supplementary Material).
4.2.
Luciferase reporter constructs and the luciferase assay
The luciferase reporter assays were done as described in Papai et al. (2005) . Briefly, to locate the sequences that regulate expression of the Ketel gene, we combined different segments of the 1877 bp long EcoRV-PstI region (Fig. 2) with the promoterless luciferase gene into pA3Pluc plasmid. The constructs were created by PCR amplification and restriction enzyme digestion. In general, plasmid DNAs were propagated in the Escherichia coli DH5a strain and purified using a Quiagen plasmid purification kit following the manufacturer's recommendations. The T4-DNA ligase and Taq DNA polymerase were products of MBI Fermentas. The DNA fragments were isolated from agarose gel using Fermentas DNA Extraction Kit.
The EcoRV-PstI region does not contain the single translation start code of the Ketel gene to avoid frame shifts in the luciferase reporter construct. The constructs with the luciferase coding sequences were cloned into the pA3Pluc plasmid and transfected into Drosophila S2 cells for transient luciferase expression (Maxwell et al., 1989) .
Sequences that regulated the expression of the luciferase reporter gene were restriction fragments or PCR-produced sequences. The S2 cells were propagated in Schneider medium, plated at a density of 3 · 10 6 cells per 35-mm plates and transfected with 2-4 lg plasmid DNA by the calcium phosphate coprecipitation method (Kingston, 1987) . The transfected S2 cells were suspended and washed twice in PBS before being suspended in 200 ll lysis buffer and kept on ice for 30 min. The debris was removed by centrifugation. Protein concentration of the extracts was determined as described in Bradford (1976) . Twenty microliters of the supernatant was mixed with 25 ll luciferin, and the intensity of the emitted light was determined in a luminometer. The activity levels were determined from five independent transfections. The fluorescence intensity related to the EcoRV-PstI segment (À1471 ! +406) was set as 100%. The empty pA3Pluc plasmid served as a control.
4.3.
Gel-shift experiments
To detect protein-DNA interactions, gel-shift assays were performed as described by Papai et al. (2005) . Briefly, 30-137 bp long fragments were generated by PCR. The fragments included binding sites for different transcription factors (Fig. 3) . The DNA fragments were gel purified and end-labelled by 32 P-c-ATP using the T4 polynucleotide kinase. The 63 bp long PCR4 fragment was created as follows: a 93 bp long fragment was PCR amplified first, digested with VspI, gel purified and labelled with Klenow fill in using 32 P-a-ATP. The labelled fragments were separated from the unincorporated nucleotides by gel electrophoresis. Nuclear extracts were prepared from the S2 Drosophila cells as described by Dignam et al. (1983) . The 32 P-labeled probe was incubated in 20 ll of reaction mixture containing 15 mM HEPES (pH 7.8), 60 mM KCl, 0.1 mM EDTA, 1 mM dithiothreitol and 10% glycerol at room temperature for 30 min. Each reaction mixture contained 5000-10,000 cpm 32 P-DNA, 3-5 ll nuclear extract (3-10 lg protein), 0.008-0.04 lg of poly(dIdC) competitor DNA to avoid unspecific DNA-protein interactions. Specific competitor DNA and anti-DREF antibody (a kind gift of Rafael Garesse) were added as indicated in the legend of Fig. 4 . The specific competitor DNA was dsDRE, a 30 bp long double-stranded oligonucleotide with the DRE motif (TATCGATA): 5 0 GTTATTAGATTTAAAAATTATCGAT AGTTC3 0 . The DNA-protein complexes were electrophoretically resolved on a 5% non-denaturing polyacrylamide gel in 50 mM Tris-borate (pH 8.3), 1 mM EDTA at 4°C. The gels were dried and autoradiographed on X-ray films.
4.4.
Generation of transgenic animals and analysis of the expression pattern of the promoter-LacZ transgenes Transgenic lines, in which different segments of the Ketel gene promoter were combined with LacZ, were generated by standard P-element germ-line transformation using the miniwhite marker gene (Spradling, 1986) . All the fly stocks carried the white marker mutation and were kept at 25°C (For an explanation of the genetic symbols see the FlyBase at http:// flybase.bio.indiana.edu). The different Ketel promoter DNA fragments were first ligated to pKS Bluescript TM plasmids and then transferred to a CaSpeR-AUG-b-gal vector (Thummel et al., 1988) . During the construction of the À74 ! +406, the insertion of the ClaI and PstI restriction enzyme-digested region into the pKS Bluescript TM plasmid created an inactive DRE motif. The À979 ! +406 transgene with a mutated DRE site was created through PCR mutagenesis using the following primer pairs such that the TATCGATA DRE motif was replaced by GCCAAGCGGC:
• 5'GGTTGCACATTTCCTACGCATTTA3 0 ,
• 5 0 GCCGCTTGGCATTTTTAAATCTAATAACGTAT3 0 and
• 5 0 GCCAAGCGGCGTTCGAATAAAGCAATCG3 0 ,
Altogether six different types of transgenes were generated, with 2-4 lines each. Chromosomal locations of the different lines of the different types of the transgenes were as follows: for À974 ! +406 X, 2nd and 2 · 3rd, for À327 ! +406 2 · X and 2 · 2nd, for À327 ! +68 X, 2 · 2nd and 3rd, for À204 ! +68 X, 2nd and 2 · 3rd, for À74 ! +406 X, 2nd and 2 · 3rd and for À974 ! +406 with a mutated DRE motif 2 · X.
To monitor b-galactosidase activity, X-gal staining was carried out on embryos and on late 3rd instar larvae as described in Ashburner (1989) . For staining tissues, the larvae were ''blown up'' with the fixative and cut open along the dorsal midline with a fine scissors in PBS (Szabad et al., 1979) . The organs were dissected and post-fixed for 10 min. in PBS containing 2% formaldehyde and 0.2% glutaraldehyde. The tissues were rinsed in PBS and stained in 1% X-gal containing buffer (5 mM K 3 Fe(CN) 6 , 5 mM K 4 Fe(CN) 6 , 2 mM MgCl 2 in PBS) in dark at 37°C. The organs were prepared and analyzed using a light microscope (see Fig. 5 ).
